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(57) ABSTRACT

A microplasma source and a sterilization system including
the same are disclosed. The microplasma source includes: a
microplasma-generating unit including: a gas transmission
chamber having a first inlet and a first outlet wherein the first
inlet is used to import a first gas; a protection and heat dissi-
pation chamber of which a side is connected to the inner wall
of'the first outlet; a dielectric inner tube having a second inlet
and a second outlet and penetrating through the protection
and heat dissipation chamber, wherein the second inlet is
communicated to the gas transmission chamber; an electrode
arranged outside at the second outlet and located in the pro-
tection and heat dissipation chamber; and a hollow metal tube
disposed in the gas transmission chamber and the dielectric
inner tube and having a third inlet and a third outlet, wherein
the third inlet is used to import a second gas.

10 Claims, 5 Drawing Sheets
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1
MICROPLASMA SOURCE AND
STERILIZATION SYSTEM INCLUDING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of filing date of U.S.
Provisional Application Ser. No. 61/380,419, entitled “Cap-
illary tube based oxygen/argon micro-plasma system for the
inactivation/sterilization of bacteria suspended in aqueous
solution” filed Sep. 7, 2010 under 35 USC §119(e)(1).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a microplasma source and,
more particularly, to a microplasma source and a sterilization
system suitable for the sterilization of reusable medical appa-
ratus and furthermore for injured or infected tissues inactiva-
tion/sterilization.

2. Description of Related Art

When reusable medical apparatus such as surgical or den-
tal medical devices are sterilized, total elimination of all
microorganisms such as bacteria, fungi, or viruses from the
apparatus has to be confirmed to prevent any possible infec-
tion to a next patient. However, currently known sterilization
methods such as dry autoclave process, the treatment of
chemical bactericide such as ethylene oxide, and physical
irradiation will result in different degrees of degradation or
damage to the treated surfaces. Therefore, medical facilities
commence to adopt low temperature and pressure plasma
sterilization. In this kind of plasma sterilization, the electrical
energy stimulates extremely excited gas in vacuum and pro-
duce ionized particles, meta-stable species, and free radicals
which can interact with bacteria and therefore cause damage
to microorganism metabolism below 50° C. This method is
harmless to the environment (main byproducts are CO, and
H,0) and thus can be used to treat thermolabile and wet-labile
medical apparatus.

In order to avoid potential damage to the sterilized medical
devices and reduce the operation cost of the in-vacuum low
temperature plasma apparatus, non-thermal and normal pres-
sure dielectric barrier discharge (DBD) plasma is currently
developed for sterilization. The DBD plasma is produced
between two parallel plate electrodes of which one is covered
with a dielectric material to avoid undesirable generation of
electric arcs. Unfavorable influences caused by high energy
applied to generate plasma can be reduced or avoided in the
DBD plasma. Highly reactive species to be used for the ster-
ilization of the medical devices can be afforded in the DBD
plasma with low energy consumption. Nevertheless, there are
limits in the use of the above mentioned DBD plasma because
most medical apparatus have irregular shapes, and it is diffi-
cult for the DBD plasma to cover all exposed surfaces of the
medical apparatus or to act on the bacteria hidden in some
apertures thereof. Hence, the sterilization performance of the
DBD plasma is limited by the shapes of the medical devices
to be treated. In addition, the residual bacteria which escape
sterilization are generally found hiding in a wet condition
such as an aqueous solution. Thus, the applied method has to
ensure complete sterilization of the medical devices contain-
ing the aqueous solution. However, if the DBD plasma is used
to sterilize the medical devices containing an aqueous solu-
tion, the difficulty of ensuing complete sterilization will
increase considerably.
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Hence, if a microplasma technique is developed to achieve
complete sterilization of the medical devices containing an
aqueous solution and the technique can be flexibly applied to
various appearances or shapes of different samples, the ster-
ilization time and the cost of purchasing related devices can
be dramatically decreased, so as to facilitate the development
of related fields using this technique.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a micro-
plasma source, which does not need high power consumption
and can be minimized into a pen size. In this microplasma
source, a hollow inner electrode is employed and the reactive
and plasma maintenance gases are supplied in different path-
ways. Furthermore, the microplasma generation exhibits
advantages such as low power consumption, being operable
at room temperature, no production of harmful substances,
and thus is able to follow the trend of requiring absolute safety
and being environmentally friendly.

To achieve the object mentioned above, the microplasma
source of the present invention includes: a first gas storage
unit used for storage of a first gas; a second gas storage unit
used for storage of a second gas; a microplasma-generating
unit including: a gas transmission chamber having a first inlet
and a first outlet wherein the first inlet is connected to the first
gas storage unit and used to import a first gas, a protection and
heat dissipation chamber of which a side is connected to an
inner wall of the first outlet of the gas transmission chamber,
a dielectric inner tube having a second inlet and a second
outlet and penetrating through the protection and heat dissi-
pation chamber wherein the second inlet is communicated to
the gas transmission chamber, an electrode arranged outside
at the second outlet of the dielectric inner tube and located in
the protection and heat dissipation chamber, and a hollow
metal tube disposed in the gas transmission chamber and the
dielectric inner tube and having a third inlet and a third outlet,
wherein the third inlet is used to import a second gas; and a
power supply unit coupled to the electrode and the hollow
metal tube to generate microplasma therebetween.

In the microplasma source of the present invention
depicted above, the protection and heat dissipation chamber
can serve to dissipate heat from the inner of the microplasma
source and protect the inner electrode. The dielectric inner
tube can conduct the first gas in the gas transmission chamber
to the second outlet thereof and also separate the hollow metal
tube from the electrode.

In one aspect of the microplasma source of the present
invention, the power supply unit is not particularly limited
and can be, for example, a power supply with high frequency,
high voltage, and low electric current. Since the hollow metal
tube is employed in the microplasma source of the present
invention, the first and second gases do not mix in advance
until they both arrive between the electrode and the hollow
metal tube. Therefore, even if the power supply unit can only
output low power, generation of microplasma is still able to
occur.

In another aspect of the microplasma source of the present
invention, the arrangement of the hollow metal tube is not
particularly limited, but preferably parallel to the dielectric
inner tube and disposed in the center thereof. Thus, during
microplasma generation, the second gas transmitted in the
hollow metal tube does not contact the first gas transmitted in
the dielectric inner tube until the second gas arrives at the
second outlet of the hollow metal tube, so as to introduce the
first and second gases in different pathways. Besides, the
distance from the electrode to the hollow metal layer is not
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particular limited, and can be changed according to the kind
and the ratio of the introduced gases, the type of power supply
used, and other parameters. For example, the distance can be
in a range from 1 pm to 10 mm.

Another object of the present invention is further to provide
amicroplasma sterilization system. In the system, the mixture
ratio of the reactive and excitation gases can be regulated to
give rapid and complete sterilization of bacteria such as
Escherichia coli, Staphylococcus aureus and Bacillus ther-
mophilus on dry or wet portions of various surfaces, including
surfaces of medical apparatus, human skin and oral mucosa,
within a short period of time.

In order to achieve the above mentioned object, the micro-
plasma sterilization system of the present invention is used to
sterilize a sample and includes: a first gas storage unit used for
storage of a first gas; a second gas storage unit used for storage
of'a second gas; one or more microplasma-generating units,
eachincluding: a gas transmission chamber having a first inlet
and a first outlet wherein the first inlet is connected to the first
gas storage unit and used to import a first gas, a protection and
heat dissipation chamber of which a side is connected to an
inner wall of the first outlet of the gas transmission chamber,
a dielectric inner tube having a second inlet and a second
outlet and penetrating through the protection and heat dissi-
pation chamber wherein the second inlet is communicated to
the gas transmission chamber, an electrode arranged outside
at the second outlet of the dielectric inner tube and located in
the protection and heat dissipation chamber, and a hollow
metal tube disposed in the gas transmission chamber and the
dielectric inner tube and having a third inlet and a third outlet
wherein the third inlet is used to import a second gas; and a
power supply unit coupled to the electrode and the hollow
metal tube to generate microplasma therebetween.

The microplasma sterilization system of the present inven-
tion can further include a sample tank used to hold the sample
if necessary. Accordingly, if the sample, for example a liquid
sample, has no specific shape, it can be loaded in the sample
tank for sterilization by the system.

Additionally, in order to avoid the influence of environ-
mental air or moisture on the performance of the system, a
positioning sleeve can be disposed outside at the second out-
let and connected to the protection and heat dissipation cham-
ber. Accordingly, the system can be separated from environ-
mental air or moisture and the microplasma thereof is also
separated from a solid sample or the sample tank at a prede-
termined distance.

In one aspect of the microplasma sterilization system, the
first gas serves as an excitation gas for maintenance of the
microplasma. The second gas is reactive and commonly used
as a reactive gas. The kind of the first and second gases is not
specifically limited. For example, the first gas can be argon or
helium, and the second gas can be oxygen or nitrogen. Pref-
erably, the first and second gases are respectively argon and
oxygen. In addition, the amount of oxygen is preferably regu-
lated according to the sample to be sterilized, and commonly
in a range from more than 0% to 20% or less based on that of
argon.

In another aspect of the microplasma sterilization system,
the power supply unit is not particularly limited and can be,
for example, a power supply with high frequency, high volt-
age, and low electric current.

In still another aspect of the microplasma sterilization sys-
tem, the arrangement of the hollow metal tube is not particu-
larly limited, but preferably parallel to the dielectric inner
tube and disposed in the center thereof. Thus, during micro-
plasma generation, the second gas transmitted in the hollow
metal tube does not contact the first gas transmitted in the
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dielectric inner tube until the second gas arrives at the second
outlet of the hollow metal tube, so as to introduce the first and
second gases in different pathways.

In yet another aspect of the microplasma sterilization sys-
tem, the distance from the sample to the first outlet of the
dielectric inner tube is considered as a working distance, and
it can be 0.1-10 mm. The sterilization time of the sample can
be determined according to the species of the bacteria to be
sterilized and microplasma parameters. Such parameters are
exemplified as the kinds and ratios of the gases and the work-
ing distance. In an example of the present invention, the time
for sterilization, i.e. the working time can be approximately in
a range of 30-300 seconds.

Accordingly, bacteria on dry or wet portions of the skin, for
example oral mucosa, can be sterilized totally by regulating
the related parameters such as the power input, the working
distance, the working time, the kind of the reaction gas and
the mixture ratio of the gases in the microplasma sterilization
system of the present invention.

Other objects, advantages, and novel features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the microplasma source in
Example 1 of the present invention;

FIG. 2 shows an optical emission spectrometry spectrum in
which the working distance of the microplasma is 6 mm in
Test Example 1 of the present invention;

FIG. 3 shows an OES relative intensity diagram of the
major species in the microplasma in Test Example 1 of the
present invention;

FIG. 4 is a relative intensity-excited species diagram of the
microplasma generated in different working distances in Test
Example 1 of the present invention; and

FIG. 5 shows a scanning electron microscopy (SEM) pho-
tograph of E. coli in Test Example 2 of the present invention,
wherein FIG. 5(a) denotes the untreated bacteria, and FIG.
5(b) represents the bacteria sterilized by microplasma at 6
mm for 120 seconds.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Because of the specific embodiments illustrating the prac-
tice of the present invention, one skilled in the art can easily
understand other advantages and efficiency of the present
invention through the content disclosed therein. The present
invention can also be practiced or applied by other variant
embodiments. Many other possible modifications and varia-
tions of any detail in the present specification based on dif-
ferent outlooks and applications can be made without depart-
ing from the spirit of the invention.

The drawings of the embodiments in the present invention
are all simplified charts or views, and only reveal elements
relative to the present invention. The elements revealed in the
drawings are not necessarily aspects of the practice, and
quantity and shape thereof are optionally designed. Further,
the design aspect of the elements can be more complex.

Example 1
FIG. 1 is a perspective view of the microplasma source in

the present example. As shown in FIG. 1, the microplasma
source 10 of the present invention mainly includes: a first gas
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storage unit 20, a second gas storage unit 30, a microplasma-
generating unit 40, and a power supply unit 50.

In the present invention, the first gas storage unit 20 is used
for storage of a first gas. Likely, the second gas storage unit 30
is used for storage of a second gas. In the present example, the
first gas serves as an excitation gas such as argon, and the
second gas serves as a reactive gas such as oxygen.

In the microplasma-generating unit 40, a gas transmission
chamber 41, a protection and heat dissipation chamber 43, a
dielectric inner tube 47, an electrode 45, a hollow metal tube
49, and a positioning sleeve 48 are included. The gas trans-
mission chamber 41 has a first inlet 411 and a first outlet 413.
In the gas transmission chamber 41, the first inlet 411 is
connected to the first gas storage unit 20 and used to import a
first gas. The protection and heat dissipation chamber 43
functions to dissipate heat and protect the inner electrode, and
one of'its sides is connected to an inner wall of the first outlet
413 of the gas transmission chamber 41. The dielectric inner
tube 47 has a second inlet 471 and a second outlet 473, and
penetrates through the protection and heat dissipation cham-
ber 43. In the dielectric inner tube 47, the second inlet 471 is
communicated to the gas transmission chamber 41 to import
the first gas. The electrode 45 is arranged outside at the second
outlet 473 of the dielectric inner tube 47 and located in the
protection and heat dissipation chamber 43. The hollow metal
tube 49 is disposed in the gas transmission chamber 41 and
the dielectric inner tube 47 and thus separated from the elec-
trode 45 by the dielectric inner tube 47. The hollow metal tube
49 has a third inlet 491 and a third outlet 493. In the hollow
metal tube 49, the third inlet 491 is connected to the second
gas storage unit 30 to import a second gas. The positioning
sleeve 48 is replaceable and disposed outside at the second
outlet 473. The positioning sleeve 48 is connected to the
protection and heat dissipation chamber 43 to separate envi-
ronmental air and moisture from the microplasma and prevent
undesired influence on the performance of the microplasma
sterilization system. The positioning sleeve 48 is also able to
limit the distance between the generated microplasma and a
solid sample or the sample tank.

In the present example, a quartz tube having a gas channel
and a dielectric coating is able to serve as the dielectric inner
tube 47 and in a controlled diameter, for example 5 mm,
according to requirements. Besides, a hollow stainless steel
tube can be used as the hollow metal tube 49 and in a diameter
ranging from 0.5 to 1 mm, for example 0.8 mm. The hollow
metal tube 49 is connected to the ground directly and by the
power supply unit 50, and functions as an inner electrode to
import the second gas. Furthermore, a circular metal conduc-
tor such as copper can be used as the clectrode 45. The
electrode 45 functions as an outer electrode and is electrically
connected to the power supply unit 50.

The power supply unit 50 is coupled to the electrode 45 and
the hollow metal tube 49 to energize the microplasma-gener-
ating unit 40, and thus the microplasma is generated between
the electrode 45 and the hollow metal tube 49 of the micro-
plasma-generating unit 40. In the present invention, a radio-
frequency (RF, ~13.56 MHz) generator (ACG-3B, ENI,
Rochester, N.Y.,, USA) with a matching network
(MWS5DM11, ENI) can be used as the power supply unit 50.

Example 2

The microplasma sterilization system of the present
example is shown as FIG. 1 and mainly includes: a micro-
plasma source 10, a first gas storage unit 20, a second gas
storage unit 30, a microplasma-generating unit 40, and a
power supply unit 50. In the present example, the structure of
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the microplasma sterilization system is substantially the same
to that of Example 1. In addition to components delineated
above, a sample tank 60 can be further provided to receive a
solid or liquid sample if necessary.

Test Example 1
Optical Diagnosis of Excited Species

In the above mentioned microplasma sterilization system
of Example 2, argon is used as the first gas and introduced into
the gas transmission chamber 41 in a flow rate of 10* sccm.
Oxygen is used as the second gas and imported into the
hollow metal tube 49 in a flow rate of 0-20 sccm regulated by
a mass flow controller (5850E, Brooks Inc.).

The power supply unit 50 is controlled at feeding power of
about 27 W (V, ,, ~0.57kV and I, ,, .~47 mA). The feeding
power can be confirmed with measurement by an oscillo-
scope (TDS 3034B, Tektronix Inc., OR, USA) with a high
voltage probe (P6015A, Tektronix Inc.) and a current probe
(P6021, Tektronix Inc.).

A single monochromator (SpectraPro 2300i, Acton [td,
MA, USA) equipped with a CCD detector (1340x100 pixels)
serves as an optical emission spectrometer (OES), and is setat
a location away from the outlet of the dielectric inner tube in
a distance of 6 mm (i.e., working distance: 6 mm). The gen-
erated plasma is diagnosed in-situ by OES. Three gratins are
employed: 330~900 nm (150 g/mm), 200~500 nm (1200
g/mm) and 500~1100 nm (1200 g/mm). The spectral resolu-
tion is about 0.1 nm with the 1200 g/mm grating.

The spectral results are shown in FIG. 2. In FIG. 2(a), NO-y
is found at 237 and 248 nm; OH is found at 306 nm; NH is
found at 336 nm; CO, is found at 362, 404, and 416 nm; and
N, (2" positive system) is found at 331-442 nm. In FIG. 2(b),
Ar—I line spectra are found at 696-965 nm and O—1 is found
at 777 nm.

With reference to FIG. 2, it can be known that chemically
reactive N, O-containing species are present in the generated
microplasma because ambient air and moisture (e.g., with
relative humidity of 65~70%) are participated in the micro-
plasma generation. Furthermore, in FI1G. 2(a), compared with
the microplasma of pure argon, NO-y and OH significantly
decrease in the microplasma generated from a gas mixture
containing 0.1% or 0.2% oxygen in argon. Since the amounts
of NO-y and OH are relative to the intensity of UV emitted
from the microplasma, the emission of UV can be reduced
efficiently by adding little oxygen into argon during the
operation of the system. Moreover, with reference to FIG.
2(b), it can be understood that the O—1I species increases with
the addition 0f 0.1% and 0.2% oxygen in argon microplasma.
Accordingly, little addition of oxygen is able to change the
composition of the microplasma.

FIG. 3 shows an OES relative intensity diagram of the
major species in the generated microplasma. In FIG. 3, (a)
represents the amounts of OH and NO; and (b) represents the
amounts of O—I and Ar—I. With reference to FIG. 3(a),
compared with the microplasma of pure argon, the amount of
OH decreases to 75% and 70% and the amount of NO
decreases to 70% and 35% with the addition of 0.1% and
0.2% oxygen in argon microplasma. With reference to FIG.
3(b), compared with the microplasma of pure argon, the
amount of O—I (777 nm) dramatically increases (about
250%) and the amount of Ar—I (750 nm) slightly decreases
(about 10%) with the addition of 0.1% and 0.2% oxygen in
argon microplasma. Accordingly, NO and OH generated
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from the ambient air and moisture decreases owing to little
addition of oxygen in argon so that UV emission related to
NO and OH is decreased.

FIG. 4 is a relative intensity-excited species diagram of the
microplasma generated in different working distances. With
reference to FIG. 4, as the working distance increases from 3
to 6 mm, only about 10% of the excited species are retained.
As the working distance increases to 9 mm, only about 0.6-
2.0% of the excited species remains in the microplasma.
Therefore, the major species of the microplasma consider-
ably decrease as the working distance increases. If the active
species have to be kept in a sufficient amount during action of
the microplasma, the working distance is a significant factor.

Test Example 2

Influence of the Sterilization Time

Gram-negative . coli (ATCC 11775) purchased from Cul-
ture and Collection Research Center (Shinchu, Taiwan) is
cultured on nutrient agar I (Difco 0001, Merck, Darmstadt,
Germany) at 37° C. for 24 hr. The bacterium is picked up with
a platinum loop and diluted in 10 ml sterilized water. The
bacterial suspension is controlled in a concentration of 5x10°
CFU/ml.

The bacterial suspension (~200 pl) is placed in the sample
tank 60. A conductive metal plate such as an alluminum plate
arranged on the bottom of the sample tank and a hollow
column made of polydimethyl siloxane (PDMS) arranged on
the metal plate form the body of the tank. The related param-
eters of sterilization are based on those of Test Example 1
except the working distance of 6 mm, the addition of 0-0.2%
oxygen in argon, and the sterilization time of 0-180 seconds
in the present example. The bacterial suspension posterior to
exposure of the microplasma is applied on the nutrient agar
plates at 37° C. for 24 hours. The number of bacterial colonies
is counted. Both non-treated and plasma-treated E. coli
samples are diluted with sterilized water and then applied
respectively on a pre-washed slide coated with poly-L-Lysine
(P8920, Sigma-Aldrich, USA). After freeze-drying for 24 hr,
the samples containing the bacteria are coated with a plati-
num thin layer and examined by a scanning electron micro-
scope (SEM, EVO50, Carl Zeiss, Inc., North America) with
the magnification of 4000x.

With reference to the SEM photographs of E. coli in FIG.
5, FIG. 5(a) shows the untreated bacterial cells and FIG. 5(54)
shows the bacterial cells treated with the microplasma for 120
seconds in the working distance of 6 mm. As shown in FIG.
5(a), the untreated bacterial cells keep well in a rod shape. As
shown in FIG. 5(b), the plasma-treated bacterial cells are
curved, irregular, and even broken into pieces.

In addition, the bacterial suspension and the microplasma
sterilization system are spaced with a quartz slide in a thick-
ness of 1 mm. Since UV generated from the microplasma is
able to pass through the quartz slide, the influence of the
generated UV on the bacterial sample can be investigated.

The number of the colonies on the agar is summarized in
Table 1. In Table 1, N, and N are the numbers of the untreated
bacterial cells and those treated with microplasma-induced
UV, respectively.

10

15

20

25

30

35

40

45

50

55

60

65

8
TABLE 1
Exposure time
(sec) under Atmospheric Argon-0.1% Argon-0.2%
plasma-induced argon oxygen oxygen
uv microplasma microplasma microplasma
Log (N¢/N) Log (No/N) Log (Ny/N)
60 0.94 091 0.72
120 2.06 1.92 1.33
180 * 3.25 3.07
240 * 3.37 3.55

* No propagation of E. coli is found.

As shown in Table 1, the intensity of UV generated from
the microplasma of pure argon is significantly higher than that
of'the gas mixture containing 0.1% or 0.2% oxygen in argon.
If the microplasma of the gas mixture achieves the steriliza-
tion only by UV generated therein, the sterilization requires to
be performed for a longer time. However, UV is destructive to
proteins and nucleic acids in an organism. If the microplasma
is used to sterilize the organism, undesirable UV influences
mentioned above need to be minimized. Accordingly, the
microplasma of pure argon is not suitable for sterilization of
the organism due to its high level UV generation. By contrast,
the mixture of gases can efficiently reduce the intensity of UV
in the generated microplasma.

Besides, other tests to investigate the environmental
changes possibly caused by the microplasma sterilization
system of Example 2 are also performed. In the results, no
sterilization occurs after the bacterial sample is treated with
argon airflow at 40° C. for 180 seconds if the power supply
unit is turned off. This result indicates that the airflow is nota
main cause of sterilization. Moreover, about 70% of the water
of the bacterial suspension still remains after plasma-treat-
ment, and the number of the colonies cultured from the
plasma-treated bacterial suspension is not significantly
reduced. This results means the water loss is not a major cause
of sterilization.

Inaddition, after the bacterial suspension is treated with the
microplasma sterilization system for 180 seconds, the liquid
temperature is not obviously changed and increased from
room temperature, i.e. from 27° C. to 33° C. in the working
distance of 6 mm; and from 27° C.t0 35° C. and 30° C. in the
working distance of 3 and 9 mm, respectively. Compared with
a working temperature of about 120° C. in a common auto-
clave, these temperature changes are not significant to steril-
ization. This result evidences the source and system of the
present invention can also be used on temperature sensitive
materials and organisms, for example, such as skin and sto-
matological application.

The change of the bacterial suspension by the microplasma
is reduced from pH 6.5 to 5.2. However, the sterilization is not
achieved by the change of the pH value because E. coli treated
in an acidic solution at pH 3.5 for 10 minutes is able to survive
after it is cultured for 24 hours.

Test Example 3

Influences of Working Distance and Sterilization
Time

The present test example is performed according to the
manners of Test Example 2 described above except the quartz
slide between the sample and the microplasma is removed.
The related parameters of sterilization are based on those of
Test Example 2, but in the present test example, the working
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distances are 3, 6, and 9 mm; 0%, 0.1%, and 0.2% oxygen is
added in argon; and the samples are treated by the micro-
plasma for 0-180 seconds.

The efficiency of the sterilization to £. coli is listed in Table
2. In Table 2, the values are calculated according to the man- 5
ner of Table 1.

TABLE 2

Ex- Oxygen content

10

posure
time

Working distance
in 3 mm

Working distance
in 6 mm

Working distance
in 9 mm

(sec) 0% 0.1% 02% 0% 0.1% 02% 0% 0.1% 0.2%

1.77 130 1.38
2.89 299 285 126 1.34 1.13
90 * * * 259 261 191

120 * * * * * *

075 0.79 0.68 0.58

1.02

0.39
0.86

0.35
0.80
196 1.60 1.46
312 2.64 185

180 * * * * * * * * *

* No propagation of E. coli is found. 20

As listed in Table 2, complete sterilization can be achieved
within 90 seconds in the working distance of 3 mm, within
120 seconds in the working distance of 6 mm, and within 180
seconds in the working distance of 9 mm.

In conclusion, the microplasma source of the present
invention employs a hollow inner electrode and the reactive
gas such oxygen is supplied via the inner electrode so that the
composition of the microplasma is changed. Thus, the diver-
sity of excited species containing oxygen is raised in the
microplasma, but the relative intensity of UV or the produc-
tion of NO-y and OH is reduced. The microplasma steriliza-
tion to various bacterial species such as E. coli, S. aureus, and
B. thermophilus can be optimized in the parameters by suit-
able regulation of the concentration of the reactive gas, the
working distance, and the sterilization time. Even if these
bacteria are hidden in a liquid condition, the microplasma
source of the present invention is still able to achieve steril-
ization.

Although the present invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A microplasma source, comprising:

a first gas storage unit used for storage of a first gas;

a second gas storage unit used for storage of a second gas;

a microplasma-generating unit, comprising:

a gas transmission chamber having a first inlet and a first
outlet, wherein the first inlet is connected to the first gas
storage unit and used to import a first gas;

aprotection and heat dissipation chamber of which a side is
connected to an inner wall of the first outlet of the gas
transmission chamber;

a dielectric inner tube having a second inlet and a second
outlet and penetrating through the protection and heat
dissipation chamber, wherein the second inlet is com-
municated to the gas transmission chamber;

an electrode arranged outside at the second outlet of the
dielectric inner tube, disposed between the second outlet
of the dielectric inner tube and a third outlet of a hollow
metal tube disposed in the gas transmission chamber and
the dielectric inner tube, and located in the protection
and heat dissipation chamber; and

the hollow metal tube disposed in the gas transmission
chamber and the dielectric inner tube, and having a third
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inlet and said third outlet, wherein the third inlet is used
to import a second gas and the third outlet is disposed
within the second outlet to form a gas mixing zone; and

apower supply unit coupled to the electrode and the hollow
metal tube to generate microplasma therebetween,

wherein the first gas and the second gas mix in the gas
mixing zone between the electrode and the hollow metal
tube.

2. The microplasma source as claimed in claim 1, wherein
the power supply unit is a power supply with high frequency,
high voltage, and low electric current.

3. The microplasma source as claimed in claim 1, wherein
the hollow metal tube is parallel to the dielectric inner tube
and disposed in the center thereof.

4. A microplasma sterilization system used to sterilize a
sample, comprising:

a first gas storage unit used for storage of a first gas;

a second gas storage unit used for storage of a second gas;

one or more microplasma-generating units, each compris-
ing;

a gas transmission chamber having a first inlet and a first
outlet, wherein the first inlet is connected to the first gas
storage unit and used to import a first gas;

a protection and heat dissipation chamber of which a side is
connected to an inner wall of the first outlet of the gas
transmission chamber;

a dielectric inner tube having a second inlet and a second
outlet and penetrating through the protection and heat
dissipation chamber, wherein the second inlet is com-
municated to the gas transmission chamber;

an electrode arranged outside at the second outlet of the
dielectric inner tube, disposed between the second outlet
of the dielectric inner tube and a third outlet of a hollow
metal tube disposed in the gas transmission chamber and
the dielectric inner tube, and located in the protection
and heat dissipation chamber; and

the hollow metal tube disposed in the gas transmission
chamber and the dielectric inner tube, and having a third
inlet and said third outlet, wherein the third inlet is used
to import a second gas and the third outlet is disposed
within the second outlet to form a gas mixing zone; and

apower supply unit coupled to the electrode and the hollow
metal tube to generate microplasma there between,

wherein the first gas and the second gas mix in the gas
mixing zone between the electrode and the hollow metal
tube.

5. The microplasma sterilization system as claimed in
claim 4, further comprising: a sample tank used to hold the
sample.

6. The microplasma sterilization system as claimed in
claim 4, wherein the first gas is argon or helium for mainte-
nance of the microplasma, and the second gas is reactive
oxXygen or nitrogen.

7. The microplasma sterilization system as claimed in
claim 6, wherein the oxygen is contained in an amount of 20%
or less based on the argon.

8. The microplasma sterilization system as claimed in
claim 4, wherein the power supply unitis a power supply with
high frequency, high voltage, and low electric current.

9. The microplasma sterilization system as claimed in
claim 4, wherein the hollow metal tube is parallel to the
dielectric inner tube and disposed in the center thereof.

10. The microplasma sterilization system as claimed in
claim 4, wherein the sample is separated from the first outlet
of the gas transmission chamber at a distance ranging from
0.1 to 10 mm.



